Abstract
Research has shown that people remember more when they are active than passive. They (Dale, 1969) . Students value interac-25 tivity in the teaching process (Kozma, 1991) . Therefore, active learning, which encourages 26 students' participation in the knowledge discovery process, can better promote students' 27 interest and performance than traditional teaching. Two important teaching tools in ac-28 tive learning are games and simulations.
29
Games and simulations have received attention in education since the 1950s. A game 30 is typically defined as "any contest (play) among adversaries (players) operating under 31 constraints (players) operating under constraints (rules) for an objective (winning, vic-32 tory, or pay-off)" (Abt, 1987) . Simulation, often computer-based, imitates the key features to new scenarios; (2) Students control the process. These two features make games and 36 simulations experimental exercises that engage students in learning by doing.
37
where students are given a set of problems to solve. In this game, students' points were 23 accumulated and students with high scores were listed. Their post survey reveal that stu-24 dents were excited about this game and that the minimum learning results of playing the in Madison. The game is described as a good instructional tool that adapts "authentic 32 professionalism" in video game format (Gaudart, 2005) .
33
That said, the effects of games/simulation-based tools are still debated. On the one 34 hand, a number of empirical studies support their effectiveness. For example, consistent 35 with the findings of some aforementioned studies, Whitehill and McDonald (1993) (based 36 on Navy technical training) and Ricci et al. (1996) (based on comparing paper-based and 37 video game-based results collected in the Naval Training Systems Center) argue that 38 games in teaching can contribute to improved learning. Gaudart (2005) showcased an 39 example of simulation-based learning both as "an engaging activity" and "a compelling other types of teaching, and finds that three studies favored traditional teaching, three 2 supported simulation game treatment, and the rest 15 studies reveal no significant differ-3 ences. This research, nevertheless, further suggests that simulation games have a greater 4 impact (in a positive direction) on students' attitudes and opinions than traditional meth-5 ods (Pierfy, 1977) .
6
Our review posits that games and simulations have great potential to promote stu-7 dents' learning interest and outcomes. Yet it should be noted that the success of applying 8 them in class not only rests upon the fitness of the games/simulators with the teaching 9 content, but also upon the organization of the game/simulation activity and students' 10 learning characteristics. In addition, while computer-based games are increasingly pop- 
Subjects

19
The subjects are the students attending the Transportation Policy, Planning, and Deploy- 
Games
29
A typical transportation board game consists of a group of players who aim to build 30 a transportation network. Players take turns to pursue profit maximization according 31 to the incentives, disincentives, and constraints. In the courses, the instructor provided 32 eleven transportation board games to the students, among which six were played in the person that has a combined sum of market share and cash exceeding the winning target 17 wins the game. Probably due to the existence of the stock market and financial system in 18 the game, it was ranked as the second most difficult game by the students. Rail Baron is a game about assembling railroads. Unlike Rail Tycoon, the railroad net-39 work is given. In the beginning, each player decides his home city. A player's jobs are 40 to purchase railroads (which saves on shipping costs and earns revenue) and to deliver 41 goods to the home city by rail. The first play who accumulates $200,000 when return-42 ing home wins. This is the second easiest game considered, as the network structure is given (though the ownership of multiple lines by players creates many distinct routing 1 patterns). process. The game process includes eight stages to simulate the evolution of train engines 16 in the region. In addition to buying engines, players can lay out and update new tracks.
17
The ending point of a game is when any player goes bankrupt or the bank runs out of 18 money. This game was ranked by students as the most difficult. 
Courses
20
The two courses where board games are applied are Transportation Policy, Planning, and 
33
It is hypothesized that appropriate transportation board games can help students un-34 derstand these important concepts in transportation networks. By participating in board 35 games, students act as a stakeholder to build a transportation network, be it rail, air, or 36 road network. In order to win the game, students need to understand the rules, observe 37 others' strategies, and consider demand, supply, and physical/financial constraints to students' learning potential. For example, a student who is intuitive would more favor 8 a teaching style focusing on concepts or abstract contents than on concrete facts. Engi-9 neering students are generally described as visual, sensing, inductive, active, and global; 10 therefore, the favorable teaching style should be abstract in content, visual in presenta-11 tion, active in student perception, and global in perspective.
12
In this sense, board games seem a good fit for this class. Board games provide small 13 group environments. Before the game, instructors talked about the goals of the game 14 night and orient the students in learning, which helped students of global learning style.
15
Next students signed up for which game they want to play. A signup list was posted.
16
Undergraduates, planners, and engineering graduate students signed up in turn (they 17 could not sign up for a game that was full, and could not sign up for a game with more 18 than one of their group unless each game already had one of their group). Thus students were distributed across games to ensure each game had a mix of students with different 20 backgrounds. Students were given access to the game rules so they could read them 21 in advance. The games typically have complicated rules compared with more popular 22 games like Monopoly (in which the network, a simple path, is already pre-constructed).
23
The games could take a long time to establish a victor, especially given the unfamiliarity 24 of players with the rules and strategies. Sometimes, to naturally end a game can take four 25 to five hours. Playing the games no doubt underscores an active participation process for 26 students where they apply visual, sensory, and sequential learning styles. 
Purposes and procedure
28
The goals of the game night are to help students understand the impact of the interac- The game night is organized as follows. First, before the game each student was asked 37 to fill out a pre-survey about his/her academic background. At the beginning of a class, 38 the instructor first overviews the goals of the game night and introduces the assignment.
Each group of players can decide how long they want to play the game (a minimum 1 of 2 hours and as many as 5 hours have been used). After the game, each student was 2 asked to fill out a post survey and to write an essay to summarize the findings from 3 the prospective of a gamer, a transportation professional, or a researcher. The teaching 4 procedure and students' learning in each stage are depicted in Table 3 . 
Post-survey
24
The post-survey results are summarized in Table 5 . On a scale from 0 to 4, students 25 were asked to evaluate their scores on some specific topics. For example, the average 26 score in enhanced learning of transportation planning reaches 2.8 (at the 70 percentile). are not statistically significant at the ten percent level. A further investigation shows that 12 they tend to be highly correlated. Table 6 shows the correlation between the variables.
13
Therefore we categorize the students into two groups based on their learning style: 14 one group of the students are SAVS (either sensing, visual, active, or sequential); the 15 other group of the students who do not have any of these learning styles 2 . In the actual 16 model, the log sum of the seven effectiveness measures is the dependent variable; the 17 dependent variables include students' learning style, students' demographic information,
18
the features of the games (degrees of easiness, satisfaction, and stimulation).
19
The results of the regression model are shown in to ship from the origin, and trading off "a bird in the hand or two in the bush".
29
In terms of observing the phase changes of network change, one student who played 
9
Of course, the game model is much simplifier than the actual. Many students also 10 identified the mismatch of the game with reality. To name just a few:
11
• The timing of delivering goods: "In reality, few-if any-rail roads were 12 actually built on a pay-as-you-go financing model, and many major lines have motivated us to continue to use them in classes.
10
Our survey results further corroborate our hypotheses about using board games in 11 teaching. First, most of the students tend to be sensing, visual, or active, and more than 12 one third of the students are sequential. In terms of learning preference, active experi- 
26
It should be noted that our teaching using board games is not without limitations. In a 27 post survey, one student indicated that the game played was too slow and "thus became 28 a little dull after sometime". Using a game that is faster to end is suggested. Another 29 student expressed that "the learning curve is so steep that not all of the benefits can be 30 achieved". Indeed for difficult board games (such as the 18xx series), students needed to 31 spend more time studying the rules which impacted their motivation in playing the game.
32
A brief introduction about the rules for the difficult games and giving more guidance to 0.06 0.11 * Statistically significant at the ten percent level ** Statistically significant at the five percent level *** Statistically significant at the one percent level ♦: a student who either is highly/moderately visual, highly/moderately sensing, highly/moderately active, or highly/moderately sequential in terms of learning style.
¶: enhanced learning + improved understanding + overall learning experience + knowledge on network deployment + forming opinions on transportation planning + effectiveness of board games as a teaching tool Figure 2 : Students' evaluation of the board games on the level of easiness, stimulation, and satisfaction
